Objectives: To characterize and compare quality of life (QOL) in patients with head and neck cancer shortly before initial treatment and 1 year later and to study the predictors of changes in QOL over 1 year.
I
T IS ESTIMATED THAT MORE THAN 40 000 new cases of head and neck cancer are diagnosed each year in the United States. 1 In addition to mortality, head and neck cancer and its treatment produce substantial reductions in health-related quality of life (QOL). The treatments tend to produce pain, disfigurement, eating problems, and communication problems. Many patients become disabled, 2 and about onethird of patients continue to smoke and half are depressed. 3 Head and neck cancer is less common; therefore, large sample sizes are difficult to accrue. Consequently, many studies of QOL in patients with head and neck cancer have included sample sizes of fewer than 100 patients and have been limited in the number of predictors that could be placed in models for QOL. Some small studies have examined clinical variables and QOL. For example, a study of 59 patients showed that dysphasia adversely affected QOL, 4 a study of 49 patients showed that low QOL predicted later malnutrition, 5 and a study by our group showed that 21 patients treated with chemotherapy and radiation therapy had better QOL than 25 patients treated with surgery and radiation therapy. 6 Other small studies have examined psychosocial variables and QOL. For example, a prospective study of 35 patients with head and neck cancer showed that depression and pain were associated with QOL, 7 and another cross-sectional study by our group with 81 patients showed that smoking and depression were associated with QOL. 8 Power analyses using the methods and conventions of Cohen 9 indicate that samples of 126 or 128 patients are required to have a power of 80% to detect medium-sized differences between 2 percentages or 2 means. Thus, many previous studies were seriously underpowered for detecting mediumsized effects and were unable to include control variables.
A few larger QOL studies have been conducted in patients with head and neck cancer. Previously, our group 10 reported on the clinical predictors of QOL in a cross-sectional sample of 570 patients with head and neck cancer, controlling for time since diagnosis. Many previous studies such as this have examined QOL in patients in cross-sectional designs in which larger numbers of patients can be accrued, 6, 8, [10] [11] [12] but the benefits of capturing changes over time are lost in this design. In contrast, 2 larger longitudinal studies (N=357 and N=167) reporting on the same large cohort of patients in Norway and Sweden describe the changes in QOL in patients with head and neck cancer and 1-and 5-year follow-up, but predictors of QOL are not reported. 13, 14 Moreover, 2 larger, longitudinal studies by de Graeff et al 15, 16 (N=153 and N=208) discuss psychosocial factors such as depression, cognitive factors, and marital status and QOL in patients with head and neck cancer, and another study by de Graeff et al 17 of 107 patients addresses cancer stage and treatments as predictors of QOL. In a prospective study of 105 patients with head and neck cancer, Gritz et al 18 report on the influence of clinical (ie, treatment) and psychosocial (ie, smoking) variables and QOL, but similar to other smaller studies, the number of control variables in the models are limited. Data collection for these larger studies can be time consuming and tedious, many patients do not survive, and dropout rates are high. 19 To build on our previous work and the work of others, we prospectively measured pretreatment and posttreatment QOL in 316 patients having newly diagnosed head and neck cancer and collected a comprehensive set of 18 demographic, psychosocial, clinical, and treatment predictor variables. A sample of at least 150 patients is needed to have 80% power for detecting a medium-sized effect in multiple linear regression analyses with 18 predictors (as used in our study). Identification of both clinical and psychosocial risk factors for poor QOL may have some prognostic value because QOL has been shown to predict survival. [20] [21] [22] Closer follow-up and earlier intervention in patients with head and neck cancer with poor QOL may result in improved outcomes.
METHODS

DESIGN
This was a longitudinal study, specifically, a 2-wave cohort study with the same 316 patients included at baseline (before treatment) and 1 year later. The explanatory variables were time of assessment, demographic data, depressive symptoms, smoking, alcohol problems, clinical measures, and treatment variables. The outcome variables were QOL scales.
SAMPLE AND SETTING
The sample for this study is a subsample of patients with head and neck cancer enrolled in the ongoing University of Michigan Head and Neck Cancer Specialized Program of Research Excellence. Patients were recruited from 3 hospital facilities: the University of Michigan Medical Center, Veterans Affairs Ann Arbor Healthcare System, and Henry Ford Hospital. Human subjects' approval was received from all 3 sites. Patients were included in the Specialized Program of Research Excellence if they had newly diagnosed head and neck squamous cell carcinoma; they were excluded if they were younger than 18 years, pregnant, non-English speaking, or mentally unstable. Of the 854 patients approached to participate in the study, 263 (31%) refused or did not return a completed baseline survey and 150 (18%) were ineligible because they had a diagnosis that was not included in this study.
To be included in analyses for the current study, patients must have survived and provided complete data at baseline and 1-year follow-up; 316 of the 441 eligible patients (72%) met this criterion. Those who did not included 68 (15%) who died, 13 (3%) who were excluded because of missing data, and 44 (10%) who did not return a 1-year survey for other reasons.
PROCEDURE
Patients were identified as having head and neck cancer according to referring physician input. Research assistants approached patients in the waiting rooms of the clinics for participation in the study. The research assistants obtained a signed consent form from all eligible patients who agreed to participate and asked them to complete a written survey.
Information was collected on demographic variables, clinical variables, treatment variables, smoking status, alcohol problems, depression, and QOL. Data were collected from patient surveys and medical records. Surveys took about 20 minutes to complete. Participants received $10 for completion of each questionnaire.
MEASURES
Demographic Measures
Demographic measures consisted of age, sex, race/ethnicity, marital status, and educational achievement level. Because there were few African American and other race participants compared with white participants, race/ethnicity was dichotomized as non-Hispanic white and minority patients. Education was dichotomized as high school or less vs some college or more. Marital status was dichotomized as married or not.
Clinical Measures
Comorbidities were measured by chart abstraction using the Adult Comorbidity Evaluation-27 test, 23 a validated comorbidity index designed to evaluate levels of comorbidity for predicting survival and QOL in patients with head and neck cancer. 23 The score on the Adult Comorbidity Evaluation-27 was classified into 2 groups: moderate to severe comorbidity or none to mild comorbidity. Other clinical measures abstracted from the patient medical records included tumor site and stage; date of diagnosis; and types and dates of surgery, chemotherapy, and radiation therapy. Information on whether the patient had a feeding tube in place at the time of the 1-year survey was also recorded. Because studies have indicated that patients with laryngeal cancer have the best prognosis, 24 tumor site was segregated into 3 groups: oral cavity or sinus; oropharynx, hypopharynx, nasopharynx, or unknown; and larynx. Tumor stage was dichotomized as stages 0, I, and II vs stages III and IV.
DEPRESSIVE SYMPTOMS, SMOKING, AND ALCOHOL USE MEASURES
The survey had questions about depression, smoking status, and alcohol use, using previously validated instruments. Probable depression was measured using the 5-item Geriatric Depression Scale-Short Form; a score of 4 or higher on this scale indicates probable depression. 25, 26 Anyone smoking within the last month was considered a smoker. The 10-item Alcohol Use Disorders Identification Test was used to assess the amount of alcohol intake and related problems; a score of 8 or higher on this test indicates high risk of alcohol-related disorders. 27, 28 
QOL MEASURES
Quality of life was assessed using the 36-item Short-Form Health Survey (SF-36), a validated general health status measure commonly used to assess physical, social, role, and emotional functioning. 29 A 10-point difference on a subscale of the SF-36 is considered practically important. The Head and Neck Quality of Life (HNQoL) instrument 30 was used to measure diseasespecific QOL and includes 20 items covering 4 domains: eating and swallowing, communication, head and neck pain, and emotional well-being. 30 Low scores on the subscales of the SF-36 or the HNQoL indicate low QOL.
ANALYSIS
Descriptive statistics were calculated for all measures, with the choice of statistics depending on the scale of measurement. Frequency and percentage are given for categorical variables, and mean and standard deviation are given for quantitative measures. Tests of changes in QOL across time were calculated using paired t tests. Ordinary least squares multiple linear regression was used to determine significant predictors of QOL at baseline and at 1 year.
RESULTS
Retention of the sample was determined primarily by death. Of 112 patients not retained, 68 died. Comparisons of those retained vs those not retained based on their baseline data are consistent with serious health problems being responsible for loss to follow-up. Those who did not return had significantly lower body mass index and physical activity scores at baseline, had educational achievement at the high school level or lower, and had moderate or severe comorbidities.
Baseline demographic data, baseline health characteristics, and treatment are given in Table 1 . At 1 year, most patients had undergone chemotherapy (64.9%), radiation therapy (86.4%), or surgery (50.6%). Most patients (76.9%) had undergone more than 1 of these treatments.
Mean QOL scores for patients at baseline are given in Table 2 . Mean scores on the subscales of the SF-36 ranged from 51.8 (vitality) to 72.7 (physical functioning), which are each about 10 points lower than the mean in US general population samples. 29 Mean scores on the 4 subscales of the HNQoL ranged from 65.8 (bodily pain) to 80.9 (eating).
Mean QOL scores at 1 year, together with information about changes in QOL, are also given in Table 2 . Changes from baseline include both decline and improvement, with statistically significant changes on 3 of the 8 SF-36 subscales. Quality of life scores decreased for physical functioning and the role-physical domain. In contrast, scores increased for the mental health index. Changes were significant on 2 of the 4 subscales of the HNQoL scale: decreased eating QOL and increased emotional distress QOL.
To provide some perspective on the importance of the changes given in Table 2 , column 2 gives the minimally important changes estimated by Kosinski et al 31 for the SF-36 subscales. By comparison, note that only worsening in the physical functioning scale was larger than the minimally important change. Minimally important changes have not been established specifically for the HNQoL. However, moderate-sized changes have been defined by Samsa et al 32 as half the standard deviation per Cohen. 9 These are given in column 3 in Table 2 and indicate that the decrement in eating QOL would be greater than a medium-sized change but that the increase in the emotional distress QOL would not be so important. Table 3 gives multivariate regression results predicting baseline QOL scores from baseline predictor variables of hospital site; age, sex, race/ethnicity; education, marital status; depressive symptoms, smoking in the last month; alcohol problem; tumor site and tumor stage; and level of comorbidities. Three factors (smoking, depressive symptoms, and moderate to severe comorbidity) were significant predictors of low QOL scores on most of the 12 scales. Smoking was a significant predictor of all but the role-emotional domain on the SF-36 scale; depres- sion was a significant predictor of lower scores on all of the QOL scales; and moderate or severe comorbidity was significantly associated with lower scores on all of the SF-36 scales and also with pain on the HNQoL. Several of the statistically significant effects given in Table 3 are greater than the minimally important changes estimated by Kosinski et al 31 or the medium-sized changes defined by Samsa et al. 32 The kinds of regression analysis used previously to predict baseline QOL scores were repeated predicting 1-year QOL from baseline predictors, treatment, and the baseline QOL scale score. Including the baseline score as a covariate means that other results from these regressions are effectively predicting changes in QOL scores from baseline. Results are given in Table 4 . The corresponding baseline QOL score was a significant predictor of 11 of the 12 QOL scale scores, failing only in predicting the role-emotional domain. Depressive symptoms and baseline smoking each remained significant predictors of change on 6 of the 12 QOL scales. Most of the prediction (beyond that from the baseline QOL scores) came from 4 indicators of treatment: presence of a feeding tube at 1 year, chemotherapy, radiation therapy, and surgery. Presence of a feeding tube at 1 year was negatively associated with changes in 9 of the 12 QOL scale scores. Chemotherapy and radiation therapy were each negatively associated with changes in 3 of the 12 QOL scale scores. Surgery was associated with a decrease (poorer QOL score) in role-physical and bodily pain scores on the SF-36. Many of the statistically significant effects given in Table 4 are greater than the minimally important changes estimated by Kosinski et al 31 or the medium-sized changes defined by Samsa et al. 32 
COMMENT
The most interesting finding is that the significant predictors of QOL at baseline (before any treatment) and change in QOL scores at 1 year were different. At baseline, psychosocial factors (smoking and depression) were the most consistent predictors of QOL. However, at 1 year (controlling for baseline QOL scores, which were highly correlated with 1-year QOL scores), clinical factors also became predictive of QOL. Baseline smoking and depressive symptoms were also predictive of QOL at 1 year, although less so than having a feeding tube and less so than at baseline.
Treatment factors were significant predictors of change in QOL. In particular, having a feeding tube at 1 year was associated with reductions in speech, eating, vitality, rolephysical, social functioning, physical functioning, HNQoL pain, HNQoL emotion, and general health perceptions. This corroborates our previous findings in a different population 10 that demonstrated that presence of a feeding tube had the most negative clinical effect on QOL in patients with head and neck cancer. Radiation treatment was negatively associated with changes in speech, eating, and pain on the HNQoL scale, and chemotherapy was negatively associated with changes in speech, eating, and role-physical.
In contrast, surgical treatment was associated with a negative change in role-physical and bodily pain on the SF-36 but not in any of the disease-specific QOL domains of the HNQoL scale. This suggests that head and neck surgery may affect general QOL, whereas head and neck chemotherapy and radiation therapy have a more localized effect, at least at 1 year after treatment. To some extent, this may reflect the timing of surgery vs chemotherapy and radiation therapy because radiation therapy and chemotherapy continue later in the year and may have more effect at the 1-year assessment. Typically, how- ever, after 6 months to 1 year, QOL scores remain relatively stable compared with those in the first 6 months after diagnosis or treatment. 14, 17, [33] [34] [35] Each method of therapy is associated with adverse effects on QOL: chemotherapy and radiation therapy have profound effects on speech and eating; surgery and chemotherapy are associated with decrements on more of the physical domains of general health as measured using the SF-36. If 1 or more methods of treatment can be avoided without adverse effects on disease-free survival, better QOL outcomes might be expected. Alternatively, if advances in the fields of imaging, biological markers, genomics, proteonomics, sentinel node testing, chemotherapy, or radiation therapy enable safe reduction in the amount of treatment necessary for any patient or if advances in radiotherapy can reduce toxic adverse effects, it could be predicted that QOL outcomes might be improved in the future. The data suggest that modifications in chemotherapy and radiation therapy protocols to improve speech and swallowing may be warranted.
At 1-year follow-up, the most consistent predictor of QOL was baseline QOL score. Each point increase in QOL scores at baseline was associated with a 0.2-to 0.5-point increase in that same domain score at 1 year (Table 4 ). The only exception was the role-emotional domain of the SF-36, which approached significance (P=.10). The data corroborate the findings of de Graeff et al 15 that a high level of depressive symptoms and low performance status at baseline and combination treatment were significant predictors of increased severity of symptoms and poor functioning after treatment. Likewise, patients with poor QOL scores are likely to have correspondingly lower QOL scores at 1 year after treatment. Thus, special attention to and consideration for rehabilitation should be considered for patients with poor baseline QOL scores. Whether this needs to be assessed clinically or by formally using QOL assessments such as the SF-36 is unknown, but it is likely that clinicians might need to consider a broader assessment of well-being than is currently practiced. Systematized health status measures might be a more time-efficient way of assessing baseline or long-term QOL.
We noted that, at baseline, patients with stage III or IV cancers had worse bodily pain scores after multivariate analysis and worse HNQoL eating and pain scores, but at 1 year, these associations were no longer significant. Vartanian et al 11 found that advanced primary site T and N stages were associated with worse QOL scores on bivariate and multivariate analysis in 344 Brazilian patients with head and neck cancer. Hammerlid and colleagues 36, 37 reported advanced stage as a predictor of poor QOL at 1 year or longer after treatment, but the relationship did not hold up on multivariate analysis. Fang et al 19 found that patients with stage IV cancer had worse QOL scores on univariate analysis but better QOL scores on multivariate analysis. Our research with other large populations has not demonstrated an effect of cancer stage on QOL. 10 Nor have we found that cancer stage predicts disability, which is probably a good proxy for QOL. 2 Other studies have also reported that the effect of cancer stage on QOL at 1 year was not significant. 37 We speculate that the effect of cancer stage (that is present as a predictor of before treatment QOL) is simply outweighed by treatment-related factors, making it relatively less significant on proper multivariate analysis for predictors of QOL at 1 year. A larger sample including more patients with lower disease stage may enable us to detect a difference on multivariate analysis. Any such multivariate analysis must include hundreds of patients to include a pertinent number of clinical variables that have already been identified as important predictors of QOL. 10 As expected, changes in QOL over 1 year tended to be negative, particularly in the more physical domains of the SF-36, the physical functioning domain (−9.9 points) and the role-physical domain (−9.2 points), as well as the eating domain (−16.5 points). This diminution of health-related QOL at 1 year has been reported by others 13, 14, 17, [33] [34] [35] and may even have prognostic implications for survival. Fang et al, 22 Nordgren et al, 38 and Mehanna and Morton, 21 for example, showed that patients with head and neck cancer with worse QOL scores had lower survival rates.
Despite worse general physical health scores and eating scores, this group of patients with cancer exhibited significant improvements in mental health domains including the mental health domain of the SF-36 and the emotional domain of the HNQoL instrument. It is likely that improvement is a consequence of low mental health QOL at baseline because anxiety and depressive reactions to the diagnosis of cancer are common. Thus, there may be some "floor effect" for mental well-being that occurs near the time of diagnosis, and patients are likely to improve in most cases. Another study has also found decrements in physical functioning but improved sense of mental well-being after treatment. 17 Nevertheless, the probable effect of depressive symptoms on QOL is evident in strong associations (at the time of diagnosis) between worse depressive symptoms and most of the general health-related QOL scores and the disease-specific scores on the HNQoL. Decrements in scores ranged from 7 to 39 points (on a scale of 100) in patients with depression symptoms. In addition, baseline depression was associated with lower eating, vitality, role-physical, bodily pain, role-emotional, and general health perception scores at 1 year. Clearly, depressive symptoms are associated with the broadest range and highest magnitude of decrements in QOL scores and, thus, may represent one of the greatest opportunities to improve QOL. Others have noted similar findings. 8, 15, 39, 40 Depression needs to be assessed and actively treated.
About 43% of patients having newly diagnosed head and neck cancer had smoked in the last month. Smoking was highly correlated with decreased QOL scores at baseline and at 1-year follow-up. Even after controlling for baseline QOL, smokers at baseline had lower physical functioning, general health perceptions, social functioning, roleemotional, mental health, and HNQoL pain scores. This corroborates previous studies of patients with head and neck cancer and lung cancer that found broad decrements in many domains of QOL in patients who continued to smoke. 3, 41 It is possible that clinicians are not getting the message across that smoking affects QOL. In a study by Oncken et al, 42 premature death was identified as a risk by 95% of smokers, yet only 63.5% reported that disability could also result from smoking. Perhaps emphasizing these 
